Four clones of a somatic monkey-mouse hybrid cell line were studied. One of these clones produced both mouse and monkey interferon, while the three others produced only mouse interferon. All four were, however, sensitive to both mouse and monkey (or human) interferon. The karyotype analysis of these four hybrid clones and the parental cell lines enabled us to locate the possible genetic site governing the synthesis of monkey interferon on a small subtelocentric monkey chromosome. The genetic site responsible for the synthesis of the antiviral protein is located on a different (monkey or mouse) chromosome.
The objective of these investigations is the study of the cellular regulation of interferon production and action and its relationship with the karyotype. Two considerations enabled us to carry out these studies: (a) the known cell species specificity of interferon (1) ; and (b) the availability of a somatic hybrid cell line (MKCV"I') obtained after the fusion of monkey (CV1) and mouse (MKS-BU 100) cells (2) . From this hybrid cell line (6th passage), six clones were isolated and four of them were selected for this study. The morphology of monkey chromosomes was markedly different from that of mouse chromosomes. In addition, the small number of monkey chromosomes present in the hybrid cells facilitated the interpretation of the karyotype analysis. The most relevant observation of this study is that the site responsible for the interferon synthesis is located on a segment of the cellular genome different from that involved in the synthesis of the protein responsible for the antiviral state. These data were summarized in a preliminary publication (3) .
MATERIALS AND METHODS Cells
Parental Cell Lines. (a) CV1 cell line, stemmed from green monkey kidney cells (4) , and (b) MKS-BU 100 cells, which are SV40-transformed mouse kidney cells, highly resistant to 5-bromodeoxyuridine and lacking thymidine kinase activity (5) .
Hybrid Cell Lines. MKCV"I' is a somatic hybrid monkeymouse cell line (2) obtained in our laboratory from a cell colony isolated from a mixed culture of CV, and MKS-BU 100 cells constantly grown in the selective HATG medium (see Medium, below) of Littlefield (6) . From this selected hybrid population, cell clones were subsequently isolated in soft agar in the presence of HATG, by a technique described by Montagnier and Macpherson (7) . Four clones (1, 2, 3, and 4) were studied for their sensitivity and for the production of monkey and mouse interferon. Their karyotype was also analyzed.
Other Cell Lines. (a) The mouse L cells employed were routinely carried in the laboratory. (b) The BSC-1 cells were obtained from Microbiological Associates; they were derived from Cercopithecus monkey kidney cells. (c) The MSV-IF+ cells were Balb/C embryonic fibroblasts transformed by the Moloney strain of mouse sarcoma virus and grown in vitro for more than 200 passages in the presence of mouse interferon (8) .
Medium
All the cells were cultured in Eagle's medium containing 10% calf serum. The MKS-BU 100 cells were grown in the presence of 5-bromodeoxyuridine (25 ,ug/ml) and the somatic hybrid cells were grown in the presence of HATG (10-4 M hypoxanthine, 10-5 M aminopterin, 4 X 10-5 M thymidine, and 10-5 M glycine) (6 (9) . This interferon was obtained in human leukocytes as described by Gresser (10) and modified by Falcoff et al. (11) .
Mouse interferon was obtained in MSV-IF+ cells, which yield high quantities of interferon (8) .
Procedures for Interferon Production. Human white blood cells, MSV-IF+ cells, and the different hybrid cells were infected with NDV (MOI 200 plaque-forming units). After an absorption period of 30 min, the unabsorbed virus was discarded, fresh medium was added, and the preparations were incubated at 370C for 24 hr. The supernatant fraction was used as the interferon preparation. Residual virus was destroyed by lowering the pH to 2 with 1 N HCl and keeping the preparation at 4VC for 4-5 days. The pH was then readjusted to pH 7 with 1 N NaOH. Appropriate controls showed that no residual infectious virus was present in the preparation. The parental CV, monkey cells contained only biarmed chromosomes. These chromosomes were classified into different groups according to their size and to the position of the centromere (Fig. 1) .
The parental MKS-BU 100 mouse cells contained essentially telocentric chromosomes. In addition, a few mini and biarmed chromosomes were present. The latter could not be distinguished from monkey chromosomes (Fig. 2) .
The MKCV"'1 hybrid cell clones (1, 2, 3, and 4) contained a substantial number of mouse telocentric chromosomes, mouse mini chromosomes, and biarmed chromosomes that could be considered as of either mouse or monkey origin, since they were observed in both CV, and MKS-BU 100 cells.
Moreover, they contained biarmed chromosomes that could be considered as monkey chromosomes since they were observed in CV1 cells but not in MKS-BU 100 cells. An example of karyotype of the hybrid cell is shown in Fig. 3 .
In Table 1 are summarized the results of thekaryotypeanalysis of 25 mitoses per cell line. The T and mini chromosomes were never observed in the parental CVi monkey cells, but characterized the parental mouse MKS-BU 100 cells. They were found in all the hybrid cell clones; thus, in the hybrid cells, they could be considered as being of murine origin. On the other hand, since VSSM, LST, MST, SST, VSST, and VVSST chromosomes were never observed in the mouse MKS-BU 100 cells, but were present in the monkey CV1 cells and in all hybrid cell clones, they were considered as being of simian origin. In the hybrid cell lines, the biarmed chromosomes VLM, LM, MM, SM, VSM, VLSM, LSM, MSM, SSM, VLST were considered as being either of simian or of murine origin.
When the karyotypes of the different hybrid cell clones were closely analyzed, the VLM and SST were the chromosomal groups most frequently found in the MKCVI"' clone 4 (27th passage). However, in this clone, at the 64th passage, a decrease in the average number of SST was observed, while that of VLM remained unchanged. Another observation was that the VLSM chromosomes were found in greater numbers in MKCV"1' clone 3 when compared with MKCV"1' clone 4.
On the contrary, for the VLM chromosomes, the count was reversed: they were present in almost every cell in MKCVII' clone 4 and absent in MKCV"'1 clone 3 and all the other hybrid cells.
Interferon production in the hybrid and parental cells Table 2 shows the amounts of interferon produced in the different hybrid cell clones. In clones 1, 2, and 3, a significant and reproducible amount of murine interferon was produced. This was especially studied in MKCVIII clone 3 between the 19th and 44th passages. In all clones, mouse interferon was produced again when reinduced 48 hr after the first induction with NDV. Consequently, for mouse interferon, no refractory state to re-induction was observed. Clones 1, 2, and especially 3, which were analyzed after several different numbers of passages, never produced interferon detectable in monkey cells.
In clone 4 (Table 3) , mouse interferon was also constantly produced; however, this was the only hybrid cell line that also produced a significant amount of monkey interferon. The quantity of monkey interferon produced varied from one Proc. Nat. Acad. Sci. USA 68 (1971) passage to another and was no longer detected after the 59th passage. Special care was taken in several experiments to check the possibility of the persistence of residual NDV (which could obscure the results), by detection of NDV in embryonated eggs, and by titration of the monkey interferon in the presence of NDV antiserum. In early passages of hybrid clone 4, monkey interferon was also produced after secondary induction. In late passages, a small amount of such virus-inhibitory material was found only after the second induction.
Sensitivity of the hybrid cells to human and mouse interferon
As shown in Table 4 , all four hybrid cell lines were sensitive to both human and -mouse interferons in all experiments. In the parental cell lines, the antiviral state was only induced with interferon of homologous species. The interesting finding was the greater sensitivity of clone 2 to human interferon since, as previously shown, the mean number of biarmed chromosomes present in these hybrid cells was the lowest (6.36 ± 0.66). A striking observation was the consistent high sensitivity of all the hybrid cell clones to both human and murine interferons. This finding could be related to that described by Guggenheim (13) showing that heterokaryons produced by the fusion of human cells and nucleated chick red cells are sensitive to both human and chick interferons.
The genome governing the synthesis of the interferoninduced antiviral protein (responsible for the antiviral state) could be located on a VVSST chromosome (of simian origin) or on a VLSM chromosome (which could be of either simian or murine origin). An alternative hypothesis could be that none of these biarmed chromosomes are involved. If so, since the data shown in Table 1 indicate that none of the other biarmed In summary, analysis of the data here reported confirms that the production of interferon and the production of the protein responsible for the antiviral state in the cell are two separate cellular functions.
